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ABSTRACT 

The  performance  of  bond  behavior  between  steel  and  concrete  in  reinforced  concrete  structure  is  a  major  part 
in  load  transfer  mechanism.  The  transfer  of  stress  between  reinforcement  and  concrete  in  the  longitudinal  direction  of  the 
bars  is  known  to  be  bond.  Bond  strength  is  imperative  in  reinforced  concrete ,  which  means  that  load  transfer  and  the 
structural  behavior  is  achieved  by  the  combination  of  two  materials.  Sufficient  bond  strength  ensures  that  there  is  little  or 
no  slip  between  steel  and  concrete  and  helps  in  the  safe  transfer  of  stress  between  them.  Anchorage  of  reinforcement 
depends  on  the  bond  between  steel  and  concrete ,  crack  width  and  crack  spacing.  Stiffness ,  deformation  and  dynamic 
behavior  are  also  a  function  of  bond.  In  this  article  the  experimental  investigations  on  bond  strength  is  studied  for  M20 
grade  of  concrete.  Pull  out  test  is  carried  out  using  universal  testing  machine ,  the  load  at  a  relative  movement  (slip) 
between  steel  and  concrete  at  the  free  end  of  the  bar  is  manipulated.  The  main  objective  of  the  study  is  to  come  out  with  a 
relationship  between  bond  strength  and  different  influencing  factors  affecting  the  bond  strength  as  per  IS  2770-1967. 
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INTRODUCTION 

The  reinforced  concrete  consists  of  both  concrete  and  steel  to  take  care  of  compression  and  ductile  in 
tension.  To  maintain  the  composite  action  transfer  of  load  between  the  concrete  and  steel  is  ensured  by  means  of 
bond  stress  [1].  For  reinforced  concrete  structures  the  bond  stress  capacity  of  the  element  exceeds  the  demand  and 
there  by  relatively  little  slip  between  the  steel  and  the  surrounding  concrete.  Plain  reinforced  bar  without  lugs  on 
the  surface  exhibit  more  deformations  and  therefore  cannot  transfer  proper  bond  forces  by  mechanical  interlocking 
[4].  But  the  bond  is  transferred  by  means  of  adhesion  between  the  concrete  and  the  reinforcing  bar  before  slip 
occurs.  The  wedging  action  that  break  the  concrete  upon  slip.  Usually,  bond  behavior  is  predicted  by  bond  stress 
versus  slip  relationship  by  experimental  data  using  pull  out  study  [6].  The  pullout  test  predicts  the  exact  failure 
mechanism  of  bond  and  therefore  allows  for  accurate  assessment  of  bond  capacity.  Here  the  experimental  work  is 
done  to  analyze  the  depth  of  embedment  and  variable  diameter  of  reinforced  bar  in  to  the  concrete  surface.  It  is 
necessary  to  institute  accurate  bond  stress-slip  relationship  in  a  reinforced  concrete  member,  which  is  usually  based 
on  depth  of  embedment  and  axial  tension  force  at  the  cracking  position  [18]. 
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Figure  1:  Steel-Concrete  Bonding  Stress 


BEHAVIOR  OF  BOND  BETWEEN  REINFORCED  STEEL  AND  CONCRETE 


The  bond  stress-slip  relationship  is  expressed  by  the  mechanism  of  bonding  obtained  from  pull-out  tests  as  shown 
in  Figure  2.  The  factors  that  define  the  bond  strength  are  comprised  of  an  adhesive  bond,  a  frictional  bond,  and  a  shear 
bond.  In  case  of  deformed  bars,  the  mechanical  interlocking  action  is  governed  based  on  bond  resistance  capacity.  The 
adhesion  is  less  important  in  magnitude  and  resists  only  small  stress.  Friction  bond  is  a  mechanical  interlock  between 
irregularities  of  steel  surface  and  concrete,  with  magnitude  superior  than  adhesion  and  arises  after  the  adhesion  is  broken. 
After  losing  adhesive  and  frictional  bond  mechanisms  tension  is  transferred  by  bearing  of  bar  deformation. 


Bornl  stress 


EXPERIMENTAL  INVESTIGATION 
Test  Programme 
Material  Properties 

Portland  cement,  Fine  aggregate  (River  sand),  Coarse  aggregate  (Broken  stones  of  20  mm  in  size),  Deformed  steel 
bars  were  used  in  this  experimental  program.  For  this  test,  specimen  of  size  150  mm  x  150  mm  x  150  mm  with  high  yield 
deformed  bar  is  placed  at  the  centre  of  cube  and  150  mm  embedded  in  concrete.  The  grade  of  concrete  adopted  is  of  M20 
of  which  the  compressive  strength  is  18.9MPa.  The  results  for  the  28-day  average  compressive  strength  is  shown  in  Table 
1  along  with  the  mechanical  properties  of  deformed  bar  used  in  all  specimens. 
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Specimen  Preparation 

A  total  of  30  pull-out  specimens  were  casted.  Deformed  reinforcing  bars  having  nominal  diameters  of  10,  12  and 
16mm  were  then  embedded  in  each  of  the  concrete  mixes.  Each  concrete  mix  are  comprised  of  5  specimens  each  belonging 
to  the  different  diameters  of  rebars.  The  details  of  the  pull-out  specimens  are  shown  in  Figure  3. The  cross-section  of  the 
pull-out  specimens  for  cube  is  150  mm  x  150  mm  x  150mm.  The  steel  rebar  was  embedded  in  the  centre  of  concrete  with 
400  mm  of  the  reinforcement  bar  length  projecting  out  on  one  end  and  10  mm  of  the  reinforcement  bar  on  the  other  end. 
All  pullout  specimens  were  tested  at  the  end  of  28  days  after  casting.  The  experimental  work  has  been  done  to  study  the 
influence  of  the  main  parameters  on  bond  strength  between  steel  bars  and  concrete,  embedded  length  of  rebar,  concrete 
strength  and  rebar  diameter. 

tor  Steel  Bar 


T 

ISO  mm 

1 

Figure  3:  Steel-Concrete  Bonding 

Test  Set-Up 

The  pullout  tests  were  conducted  in  a  universal  testing  machine  as  IS  2770-1  a  procedure  similar  to  ASTMC  234 
as  shown  in  Figure  4.  Since  slipping  of  the  deformed  bars  at  the  maximum  loading  is  small,  LVDT  is  installed  on  the  free 
end  and  the  loading  end  to  measure  the  rebar’s  displacements.  The  test  must  be  ceased  while  the  displacement  of  the  free 
end  exceeded  2mm  [10].  The  value  of  average  nominal  bond  stress-strain  can  be  calculated  as  the  normal  force  F  which  is 
divided  by  the  surface  area  of  the  rebar  embedded  in  the  concrete.  For  a  circular  cross  section  of  the  reinforcing  bar,  in 
which  the  diameter  is  d ,  the  average  bond  strength  can  be  calculated  by  the  using  the  formula, 

_  F 

Tav  -  (^ZZj 

Where  L  is  the  length  of  embedment.  The  maximum  average  bond  stress  of  each  specimen  can  be  calculated  from 
while  the  maximum  tensile  load  occurs. 


www.tivrc.ors 


editor  @tjprc.  org 


12 


V.  Preetha,  S.  Navaneetha,  K.  Kalaivani  &  V.  Senthilkumar 


Figure  4:  Testing  of  Specimens 


FAILURE  PATTERN  OF  SPECIMENS 

The  Specimens  are  tested  in  the  universal  testing  machine  and  the  bond  strength  is  determined  using  the  pull-out 
test.  The  cube  with  different  diameter  reinforced  bar  at  the  centre  is  tested.  The  steel  is  strong  in  tensile  strength  and  weak 
in  compression  but  the  concrete  is  strong  in  compression  and  weak  in  tensile  strength.  In  pull-out  test  the  tensile  force  is 
acted  in  the  rod  within  the  cube  specimens,  the  bond  between  the  steel  and  concrete  gets  fails  due  to  tensile  strength. 
The  bonding  between  the  two  materials  varies  which  depends  mainly  on  the  diameter  of  the  bar. 


Figure  5:  Cracking  Pattern 


Figure  6:  Steel- Concrete  Failure 


NUMERICAL  SIMULATION  USING  ANSYS 

ANSYS  is  an  engineering  simulation  software  used  for  a  variety  of  engineering  applications.  ANSYS  is  capable 
of  both  pre  and  post-processing.  The  experimental  analysis  is  verified  using  ANSYS  software.  The  ultimate  load  obtained 
from  the  experimental  investigation  taken  as  the  force  value  for  analyzing  the  cube  with  rod  in  ANSYS  analysis. 
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Figure  7:  Modelling  of  a  Cube  with  a  Rod 
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Figure  8:  Contact  Bonding  Between  Steel  and  Concrete 


RESULTS  AND  DISCUSSIONS 

The  specimens  are  tested  for  different  diameter  of  reinforced  bar  are  tabulated  .The  results  of  the  pull-out  tests  in 
terms  of  ultimate  load,  bond  strength,  slip  at  ultimate  load  and  its  failure  method  are  presented  in  table.  The  failure 
deformation  pattern  of  the  specimen  are  also  compared  with  experimental  data  as  shown  in  figure  1 1 . 


Table  1:  Experimental  Results 


Specimen 

Specimen 

name 

Ultimate 

Load 

im 

Total 

Slip 

(mm) 

Load  @ 
0.025mm 
5iip{i£j) 

Load  @ 
0.25mm 
siip{k££) 

■Cube 

150x150x150 
with  10mm 
rod:  Length  of 
Embedment- 
150mm 

CU101 

83.95 

1.2 

49.34 

78.51 

CU102 

92.25 

1.5 

52.5 

88.42 

CU103 

85. 15 

1.3 

51.35 

74.56 

Cube 

150x150x150 
with  12mm  rod 
Length  of 
Embedment- 
150mm 

CU121 

117.52 

2.1 

79.34 

78.51 

cum 

106.58 

2.2 

72.51 

98.42 

CU123 

121.54 

2.4 

71.35 

94.5-6 

Cube 

150x150x150 
with  16mm 
rod: 

Length  of 
Embedment- 
150mm 

CU161 

126.85 

2.8 

94.34 

96.51 

CU162 

128.94 

3.01 

98.5 

101.42 

CU163 

129.58 

2.2 

91.35 

94.56 
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Figure  10:  Load  vs  Slip  @  0.025  &  0.25mm 


Figure  11:  Deformation  of  Specimen 


CONCLUSIONS 


For  the  specimens  studied  in  this  investigation,  concrete  possesses  bond  strength  almost  good  with  the  steel. 
Overall  behavior  of  Load  vs  Slip  and  Bond  stress  vs.  Slip  of  concrete  is  calculated.  The  combined  effects  of  crack  widths 
and  bar  diameters  on  the  bond  strength  have  shown,  however  the  ductility  of  bond  specimens  decreased  as  the  diameter 
increased.  The  ultimate  strength  (kN)  and  Total  slip  (mm)  of  steel-concrete  bonding  gets  simultaneously  increased  when 
the  diameter  of  the  bar  increased.  In  comparing  the  values  of  load  at  0.025mm  and  load  at  0.25mm  slip(kN),the  ultimate 
load(kN)  at  0.25mm  is  high.  Depending  upon  the  depth  of  embedment  of  reinforcing  bar  in  the  concrete,  the  ultimate 
strength  of  the  specimen  is  varied. 
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